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Abstract
It is shown that nitro-compounds are particularly difficult to handle in simple Ko,-
based QSARs owing to differences in their lipid phase activity coefficients. These differ-
ences can be corrected through inclusion of a term in octanol solubility. A procedure is
developed for anticipating activity coefficient related deviations from the nature of the
groups used.
Quantitative structure-activity relationships (QSARs) used in environmental work
are most often based on Kow, the octanol: water partition coefficient. A simple Kow-
based QSAR assumes that the activity coefficients of members of the series remain rela-
tively constant in both the biological medium and in octanol. This is frequently the case
across a homologous series, and good QSARs are most often found across structurally
related compounds.
The activity coefficient of a solute in both octanol (,oct) and lipid varies with
molecular size and with the nature of the solute-solvent interaction. The interaction term
is usually the more important for mid-molecular weight compounds. Consider the QSAR
of Deneer et al. (1) on the acute toxicity of nitro-aromatics toward the guppy, which is
illustrated in Fig. 1. The correlation is poor. Much of the scatter reflects physico-chemical
rather than biological effects since the relationship improves appreciably if a term in
octanol solubility Soct (determined as in ref. 2) is included. The resulting equation
log LC50 = 3.82 - 0.52 log Kow + 0.93 log Soct (1)
is illustrated in Fig. 2. Similarly, Purdy (3) observed considerable scatter in a QSAR on the
acute toxicity of mono-, di- and tri-substituted nitrobenzenes toward the fathead minnow
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(Fig. 3). The line in Fig. 3 is for non-nitro compounds. Inclusion of an Soct term leads to
log LC5 0 = -1.49 - 0.64 log Ko - 1.09 log Soct (2)
which corresponds to the much improved relationship illustrated in Fig. 4. It is notewor-
thy that while the coefficients of the Kow term are similar in eq. 1 and 2, those for the
Soct term are of opposite sign. In eq. 1, the Soct term depresses toxicity; in eq. 2, it
enhances it. Thus, octanol solubility improves the QSARs for apparently different reasons.
An analogous improvement has been previously observed in bioconcentration relation-
ships (2).
Soct is most likely to be constant over a range of solutes if the groups involved all
have comparable interactions with octanol. One measure of nonideality that can be
applied at the group level is the UNIFAC residual activity coefficient 7r (4). This term
reflects the enthalpic interaction of a group with its environment. Values of Jr were calcu-
lated for the groups listed in Table 1 at infinite dilution in octanol at 25°C. Calculations for
multiple groups or combinations of groups are easily made through the UNIFAC equation
(4). In this paper we postulate that groups of similar %r in Table 1 will tend to be the most
compatible in a simple KOw-based QSAR, at least from a purely physicochemical point of
view.
The nitro group is notable in that it has one of the highest yrs in Table 1. This
suggests that for a simple Kow-based QSAR to be successful for nitro compounds, each
member of the series should contain the same number of nitro groups in order to main-
tain a relatively constant -r across the series. In other words, it is unlikely that a QSAR
developed for mononitro compounds will apply to dinitro or non-nitro compounds. The
data in Fig. 1 and 3 support this position. Fig. 1 includes both mono- and dinitro com-
pounds, and the structures in Fig. 3 contain 0-3 nitro groups. Much of the scatter in these
Figures arises from variations in 'yr
In summary, we have shown that inclusion of a term in octanol solubility may
2
improve a QSAR if the outliers have a physicochemical rather than a biological basis. We
suggest that a Kow-based QSAR constructed with groups of similar 7r will be the most
successful.
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-Br 0.932 arom -CN02 5.921
-CH2S- (sulfide) 0.958 water 7.422
calculated using the parameter in ref. (5) except for
arom-C-Cl, where the parameters in ref. (4) were used




























Fig.1 Log LCs5 -log Kow profiles of nitroaromatics containing up to two nitro-, chloro-,
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Fig. 3 Log LC50-log Kow profiles of aromatics containing up to three nitro groups, four


















Fig. 4. Influence of the Sc t term on the Fig. 3 relationship. The calculated values are
from eq 2.
I'
I-
lOC)
07-C)I
o
(D
1:
-I
*
*
*
. .
f1---
'_ i
I
